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SECTION 1 

INTRODUCTION 

This final report summarizes the results of the Data Management and Control Study 

conducted for the Jet Propulsion Laboratory under Contract No. 951112. 

1 
1 

It consists of this descriptive volume which contains the study objectives, approach, 

results, and recommendations, and also includes a group of Appendixes containing integrated 

contractor data requirement packages (Data Item Matrix, Data Requirement Descriptions, 

Use r  Flow Diagram, Document Relationship Tree, Phasing and Frequency Chart) for the 

following functional management categories: 

Appendix A 

Appendix B 

Appendix C 

Appendix D 

Appendix E 

Appendix F 

Appendix G 

Appendix H 

Appendix I 

Appendix J 

Appendix K 

Appendix L* 

Appendix M* 

Appendix N* 

Technical Description and Systems Engineering @E) 

Planetary Quarantine (PQ) 

Manufacturing (MG) 

Configuration Management (CM) 

Quality Assurance (QA) 

Test ("E) and Mission Operations (MP) 

Reliability Assurance @A) 

Logistics and Support (IS) 

Overall Management (MA); Scheduling (SC); and Manning 
and Financial (MF) 

Procurement and Contracting (PC) 

Data Management (DM) 

Facilities (FA) 

safety (SA) 

Site Activation for Launch (AL) 

* Prepared under Contract NAS 7-584 



Appendix O *  - Science (SI) 

Appendix P" - Related Project Interfaces (RP) 

Appendix Q* - Advanced Missions (AM) 

This final report, with the exception of the updated data package appendixes, contains 

summaries and excerpts from technical reports previously issued during the study; a 

bibliography of these reports is included as  Section 8 to permit acquisition of the 

original documents. 

It should be noted that many of these reports are identified as  "Preliminary"; this is by 

intent, as  final plans (e .  g. , Contractor Automatic Data Processing Plan) can only be 

established during Phase C - Design. 

* Prepared under Contract NAS 7-584 
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SECTION 2 

OBJECTIVES 

The primary objectives of the study have been to support NASA/JPL in the development 

of the Voyager Data Management System by: 

a. 

b. 

C. 

d. 

Delineating the bask: operational aspects of the Voyager Data Management 
System throughout its operational phases. 

Developing contractor level information flow and data requirements for the 
Voyager Design and Acquisition Phases (C and D). 

Analyzing contractor implementation of selected functions of the Voyager Data 
Management System. 

Determining data requirements and reporting systems for project management 
control of contractor activities. 

It has been the objective in all of these studies to use the background and experience 

of functional management personnel to assure the validity of data and information flow 

requirements. 

In addition, because of its significance, the study of information flow and data require- 

ments pertinent to management control has been identified as  a specific task objective. 

2-1/2 



a. 

b. 

C. 

d. 

SECTION 3 

APPROACH 

The study approach consisted of four basic phases, as  listed below and illustrated in 

Figure 3-1: 

Phase I - The Data Management System Study resulted in the preparation of a 
series of system flow diagrams that delineated the data management system, 
a glossary which identified Voyager application data management terms and 
a data standards study. 

Phase II - The Contractor Data Requirements Study resulted in the definition 
of Phase C and D data requirements by functional managers at the Valley 
Forge Space Technology Center. This activity included the preparation of 
Data Item Matrices,  Data Requirement Descriptions, U s e r  Flow Diagrams, 
Document Relationship Trees, Phasing and Frequency Charts, and a 
Subcontractor Data Item Study. 

Phase m - The Contractor Implementation Studies resulted in a series of 
studies that analyzed how a Voyager contractor would implement functions of 
the data management program. This included the preparation of an informa- 
tion system equipment handbook, microfilm compendium, automatic data 
processing plan, indentured numbering system study and data cost study. 

Phase lV - The identification of Contractor Management Information Studies 
resulted in the generation of data requirements for project management control, an 
automatic data processing plan for project control, a technical performance 
monitoring study, and a project control room study. 

The basic approach used during all phases of the study was to utilize Voyager spacecraft 

functional personnel to develop data flow and requirements, to utilize Information System 

personnel to develop metbods and media of information flow, and to use Management 

Practices Operation personnel and consultants to review operational aspects of the program. 

The use of these personnel and the support provided are illustrated in Figure 3-2. 

3-1 
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SECTION 4 

DATA MANAGE~NT SYSTEM STUDY - PHASE I 

4.1 INTRODUCTION 

Working closely with JPL, a series of flow diagrams delineating the proposed Voyager Data 

Management System were prepared during the initial phase of the study. 

These diagrams apply to the management of formal data, both hard copy and that maintained 

by means of automatic data processing equipment. Formal data, which is generally used by 

multiple project elements, is prepared and processed in accordance with project established 

requirements and procedures and controls. Informal data, in contrast, is generally used 

within, and managed internal to a particular project element. 

In addition, a glossary defining Voyage data management terms and a report identifying 

existing specifications and standards relating to the preparaticm, submittal, and review of 

data were prepared. 

4.2 FLOW DIAGRAMS 

The summary flow diagram (Figure 4-1) is vertically divided into three sections. Each 

section represents a major operational phase of the Voyager data management system, 

as follows: 

a. Establishment of data requirements 

b. Data preparation and publication 

c. Data handling and processing 

The flow diagram is divided horizontally into three bands, as follows: 

a. The central band (designated Organization Levels) is further divided into program/ 
project, system, prime Contractor, and subcontractor levels 

4-1 



b. The 

c. The 

bottom band, designated Voyager Data Management Information System 

top band, designated U s e r  

I 
t 
8 

The central band, containing the organization levels, 

major functions (and their associated data) performed by the various project elements 

(program/project office, system office, contractor, subcontractor) during the three phases 

of the data management system. The interrelationships between the project elements and 

between the phases are indicated, as appropriate. 

presents a continuous flow of the 

1 
8 

The bottom band indicates major functions (and their associated data) of the Data Management 

Information System which provides the means for identifying, tracking and retrieving data. 

Functions indicated in this band are  located parallel to the corresponding function performed 

by an organization level. 
I 

The top band indicates the role played by the generic user in the data management system. 

Functions performed by the user a re  shown parallel to, and keyed into the basic flow pre- 

sented in the central organization level band. 

Each of the three operational phases of the data management system has been detailed on 

separate flow diagrams (which have been issued in VOY-C4-TR-07 and a re  not included in 

this report) : 
I 

a. Phase 1: Establishment of Data Requirements 

b. Phase 2: Data Preparation and Publication 

I c. Phase 3: Data Handling and Processing 

I The detailed flow diagrams generally follow the same horizontal format as  the summary 

diagram (the use of three bands). Continuity across the three diagrams and the parallel re- 

lationships between respective activities in the three bands are maintained. 
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Functions indicated in the summary flow diagram are repeated and amplified on the detailed 

flow diagrams. 

4.3 SUMMARY SYSTEM DESCRIPTION 

The Voyager Data Management System is described by examination of each of its three 

operational phases. 

4.3.1 PHASE 1: ESTABUSKMENT OF DATA REQTJIREMENTS 

The key elements in this phase are the hierarchal establishment of data requirements by 

means of a data specification or Data Requirement Description (DRD) form prepared by 

the user. The approval of these DRD's by the Project Data Review Board and the establishment 

of a data management file provide wide capability for tracking and retrieving data. 

Data requirements are established in the following sequence: 

a. A project-level data call, initiated by the Voyager Project Manager, is conducted 
to establish and document the data requirements of the project-level functional 
management offices. 

b. The proposed project-level DRD's are reviewed and approved by the Project Data 
Review Board. The applicable DRD's are then provided to the system-level offices 
to conduct that level's data call. 

c. The proposed system-level DRD's are then reviewed and approved by the Project 
Data Review Board. Applicable DRD's are then provided to  the contractor (Request 
for Proposal) to conduct that level's data call. This data call results in the 
following outputs: 

1. Proposed DRD's to be imposed on subcontractors and vendors 

2. Proposed DRD's to  be placed on functional offices within the contractor% 
organization 

3. Proposed revisions to system-level DRD's. 

d. The proposed contractor and subcantractor DRD's a re  submitted to the system level 
for review and then subsequently to the Project Data Review Board for final approval. 

4-5 



e. The applicable approved DRD's are then included in the contract for negotiation 
with the contractor (and subcontractor). 

4 . 3 . 2  PHASE 2: DATA PREPARATION AND PUBLICATION 

Key elements in this phase are:the preparation of the data items in response to the DRD's; the 

review and approval of the data items by technical and data management (in accordance with 

the DRD); the reproduction, distribution and storage of data item copies; and the application 

of sufficient planning and controls to assure the timely availability of accurate data. 

Highlights of this phase are  as follows: 

a. 

b. 

C. 

d. 

4-6 

Approval of the DRD (for project and system levels) and incorporation of the approved 
DRD into the Work Statement (for contractor and subcontractor levels) represents 
authorization to initiate the data item response. 

The DRD indicates the disposition of each produced data item by specifying the review 
and approval hierarchy, which may be at the level at  which the data item is prepared 
or at a higher level. (The highest level for approval of subcontractor produced data 
items is the contractor. Subcontractor-produced data is included in contractor data 
items where higher level approval is required.) Review will normally be required 
of both technical and data management personnel, to a degree that depends upon the 
nature of the data item. 

The DRD specifies the project element responsible for performing reproduction 
activities (which is not necessarily the element that prepared the data item), the 
number of copies to be made and the subsequent review and approval requirements. 
Review and approval activities applicable to data item copies shall involve checks 
for form, format, legibility, etc. , as opposed to checks for technical accuracy 
(which were accomplished during the preparation cycle). 

Distribution of data item copies is accomplished by the project element designated 
on the DRD.(normally the element that reproduced the data item). Copies shall be 
disseminated in accordance with the applicable data distribution list. Distribution 
shall be made to the project master file, data item users and the custodian. (The 
custodian is designated on the DRD and is responsible for data item storage). 

'I 
I 
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4.3.3 PHASE 3: DATA HANDLING AND PROCESSING 

This phase of the Voyager Data Management System deals with the conversion of selected 

data item information to machine-sensible form for updating of Automatic Data Processing 

(ADP) files and subsequent generation of "specialized user" information. Also shown are the 

functions necessary to satisfy thuee additional user requirements that will occur during the 

operational phases of the Voyager Project such as reproducing and distributing additionally 

required data item copies and establishing new requirements to satisfy new user needs. 

Highlights of this phase are as follows: 

a. 

b. 

C. 

d. 

As required, the designated project element performs the functions necessary to 
establish o r  update Automatic Data Processing (ADP) files that can be manipulated 
to provide reports, listings and statistical tabulations necessary to satisfy requirements 
of specialized use r  information systems. Depending on the requirements of the 
specialized user information system, outputs may be in the form of batch reports 
emanating from computer processing and printed on peripheral devices, o r  quick- 
look summaries resulting from remote interrogation of the ADP file(s). 

A s  a user establishes additional needs for data or information, he will determine 
the availability of such by examining the various data item and requirement indices 
resulting from data management file processing. He then obtains the data from his 
own internal working library maintained by his cognizant data management office, 
or, if need be, the custodian is requested to provide such. If his is a new data 
requirement, a proposed DRD is prepared and submitted for necessary review(s) 
and subsequent Project Data Review Board approval. 

The custodian maintains an adequate stockpile of data item copies to satisfy as- 
required requests. A s  specified on the Voyager data distribtion list, the data 
item distribution may be open or limited, thus, secondary distribution is made 
accordingly. 

A l l  activities performed by the custodian to satisfy external requests are considered 
secondary activities since they are accomplished over and above those activities 
specifically indicated on the DRD. However, the review and approval activities 
governing the activity conducted to satisfy the DRD also apply to the results of 
secondary activities. For example, the DRD may specify a data management 
review/approval of reproduced copies prior to distribution. This review/approval 
then also applies to supplemental reproduction performed to satisfy needs as required. 

4.4 SYSTEMS ANALYSIS 

Key features of the Voyager Data Management System that a r e  Vital to its successful project- 

wide application include: 

4-7 a. U s e r  establishment of data requirements 



b. Requirement/response relati onship 

c. Data Revisw Board and data management office activity within organization 
levels 

d. Emphasis on communication of information through effective data management 

e. Recognition of specialized user systems and integration of such into overall 
system 

f .  Custodian maintenance of data item and ADP files 

g. Voyager data management file for generation of project DRD and data item 
indexes 

‘I 
I 
I 
I 
I 
I 

h. Application of systems, records and controls during establishment o r  require- 
ments and DRD response activities to provide data item tracking capability 

i. Providing traceability capability of data items (and certain data elements) 
as to generator, related hardware item, contract, etc. 
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SECTION 5 

CONTRACTOR DATA REQUIREMENTS STUDY-PHASE II 

5.1 INTRODUCTION 

The Contractor Data Requirements Study had the dual objective of: 

a. Developing an approach (including tools) for conducting a contractor-level 
data call, and 

b. Identifying the data that a typical spacecraft contractor would manage during 
Phases C and D of the Voyager Program. 

To accomplish this, an actual data call was conducted within the General Electric Voyager 

Project organization at the Valley Forge Space Technology Center. (This organization 

contained approximately 120 senior professional personnel at the time of the data call. ) 

Although this data call was a hybrid in that it developed a complete contractor data base in 

one cycle (rather than responding to system office imposed data requirements a s  would be 

normal during actual program implementation), the tools and approach developed - as well 

as the data base - are considered basically applicable for use on Voyager Phases C and D. 

5 - 2  DATA CALL STUDY 

A s  a result of the data call conducted within the GE Voyager organization, a recommended 

approach toward determining data requirements has been established and is summarized in 

Figure 5-1. A brief description of each step, with illustrations of the tools developed follows: 

5.2.1 STEP 1: DATA CALL REQUEST BY PROJECT MANAGER 

The initiation of the data call requires four actions by the Project Manager: 

a. Assignment of responsibility for each data Functional Management Category to the 
senior member of his staff responsible for that area of activity. A s  the data 
Functimal Management Categories have been established by NASA, and modified by 
the Voyager Project data management office, to be irrespective of organization, the 
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DATA REQUIREMENTS 

1 

FLTCTIONAL MANAGER 

COMPLETE DATA 
ITEM MATRIX 

I FUNCTIONALMAhTAGER I 

FUNCTIONAL MANAGER FUNCTIONAL MANAGER 

P R E P A R E  USER PREPARE DATA 
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Figure 5-1. Key Activities - Contractor Data Call 
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b. 

C. 

d. 

Project Manager must determine the closest match of responsibility between his 
particular organizational structure and the respective functional manager categories. 
The two areas in which this was  found to be a problem were  in the Engineering and 
Project Control Integration areas. In the case of Engineering, it was found neces- 
sary to assign integration responsibility for Technical Description and System 
Engineering (SE) to one of the Engineering Managers reporting to the Project 
Manager; in the case of the various categories which make up Project Control and 
Integration, it was necessary to separate the Procurement and Contracting Cate- 
gories (PC) into a Procurement Category CpC) and a Contracting Category (PS). 

Establishment of a Data Review Board. (The makeup and function of the Data 
Review Board i s  further discussed in Step 3, Section 5.2.3.) 

Establishment of the project baseline to be utilized for the planning of data re- 
quirements for completion of the data call. For the study conducted, previously 
developed Voyager 1971 plans, as modified by preliminary plans for Voyager 
1973, were established as the baseline. Detailed functional plans previously pre- 
pared for Voyager 1971 w e r e  to be utilized as a baseline in the data call. These 
plans are discussed in Step No. 2. 

Establishment of a schedule for completion of the data call. 
schedule for accomplishment of the data call is prepared by the Data Manager and 
is used by the Project Manager along with the data call to assure accomplishment 
of all functional and integration activities.) 

(A detailed milestone 

Figure 5-2 represents the Fbctional Management Categories for which data was developed 

during this study, the organizational title of the functional manager who prepared the data 

requirements, data requirement descriptions, and user  flow diagrams for that category. 

5.2.2 STEP 2: PREPARATION O F  PRELIMINARY DATA ITEM LIST BY FUNCTIONAL 
MANAGER 

As an a priori requirement for the establishment of data requirements is a functional plan, 

the GE-VFSTC managers used their Voyager 1971 plans for determining data requirements. 

These plans had been developed during prior contract and pre-proposal phases. 

Different approaches were tried to determine an optimum approach to assist the functional 

manager in determining his requirements. One approach that was found to be particularly 

helpful was the categorization of data items by data types as shown in Figure 5-3. 
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Figure 5-3. Data Types 
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A questionnaire initially used was subsequently replaced by a preliminary data item list, 

which is shown in Figure 5-4. 

manager and contains the most critical information regarding the data item to permit sub- 

sequent review by the Data Review Board. 

This preliminary data item list i s  prepared by the functional 

I During the preparation of this preliminary data item list, data management personnel work with 

the functional managers primarily to assure consistency between management categories. , 

The preparation of U s e r  Flaw Diagrams, which relate data items to project activities, could 

be prepared during this period; from a cantractor's viewpoint, however, it is felt that the 

previously prepared functional plans provide adequate bases to permit an early as possible 

review of the data requirements by the Data Review Board. 

I 

Guidelines to the functional manager at this point, prepared by the Data Manager, advise the 

inclusion of all "key data needed to do your job. " 

5.2.3 STEP 3: ESTABLISHMENT O F  DATA REQUIREMENTS BASELINE BY 
DATA REVIEW BOARD 

A permanent GE-Voyager Data Review Board was established, composed of: 

Chairman: 

Members: 

Voyager Project Manager 

Deputy Project Manager 

Manager - Systems Engineering 

Manager - Project Control and Integration 

Manager - Contracts Administration 

Manager - Pasadena Engineering Operation 

Data Manager 

The Data Manager has the responsibility of preparing procedures, agenda items, and reports; 

the Manager, Contracts assures compliance with customer commitments; the Manager, 
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Pasadena Engineering Operation represents the customer; the remaining members represent 

their internal Voyager function. 

The review board was expanded on an ex-officio basis to include the functional manager of 

the category under review and managers of respective interacting categories. 

During the study, each proposed data item was presented, discussed, and approved by the 

Data Review Bard,  chaired by the GE-Voyager Project Manager. 

The Data Review Board also undertook the responsibility for distinguishing between formal 

data items (those which would be managed within the Voyager Project Data Management 

System) and key informal data items (those which would be managed by the spacecraft 

contractor). 

As it was found that the Data Review Board filled an essential function in verifying data 

requirements, particularly those which interface with the customer (and across categories) 

it i s  recommended that their detailed review of the information contained in Figure 5-4 be 

conducted as early as feasible in the cycle, and that, i f  possible, it be held in continuous 

session to review all categories consecutively. 

5.2.4 STEP 4: CCMPLETION OF DATA ITEM LTSTNSER MATRIX BY FUNCTIONAL 
MANAGERS 

In order to relate data item users, reviewers, and approvers, a series of matrixes such 

as the one shown in Figure 5-5 are filled out by the responsible functional managers. 

A double iteration is involved in that each functional manager reviews the entire list to 

determine whether'he is the final approver (A), in-line reviewer (R) or a prime user  (U) 

of each data item, Following this, the functional manager responsible for that data item 

either concurs with the A, U or R entries or negotiates with the appropriate manager. 

The Data Manager integrates this type of review and where conflicts exist, obtains resolution 

by the Data Review Board. 

5-7 



5-8 

Y 

a 

1 
1 
8 
I 
8 
I 
I 
I 
8 
I 
B 
8 
8 
1 
8 
I 
I 
I 
I 



8 
8 
8 
8 
I 
t 
I 
8 

During this cycle the Manager, Project Control and Integration, indicates for the Overall 

Management (MA) Category, those data items which he believes should be approved by the 

Project Manager. This is then verified by the Project Manager. As may be seen on the matrix, 

the major project boards are also indicated; the chairman of each board is assigned respon- 

sibility for reviewing data applicability for his board. 

Entries for subcontractors are not included at this stags, but are subsequently added (See 

Step No. 9, Section 5.2.9). 

Initial formats of this matrix also included identifying applicability (R's, A ' s  and U's) for 

the proposed GE Voyager organization. These have been eliminated from the final matrixes 

included in Appendixes A through K, in order to indicate maximum applicability to other 

contractor organizations. 

Completed Data Item Listmser Matrixes are included in Appendixes A through Q for their 

respective hction management categories. 

5.2.5 STEP 5: PREPARATION OF (DRD's BY FUNCTIONAL MANAGERS 

During this study, emphasis was placed upon the completion by the functional manager of the 

following elements of the DRD's (Figures 5-6 and 5-7): 

a. Outline of contents 

b. U s e  of document 

c. 

d. Final approval authority 

e. Reference documents. 

Interrelationship with other data requirements 

During subsequent steps in the study, the Data Manager also identified the following on the 

DRD's: 
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a. 

b. 

C. 

d. 

e. 

f .  

Type of document 

Classification 

Form and kind of data 

Frequency of issue 

Number of contractor copies 

Publication date by project phase. 

Certain DRD's, upon the recommendation of the Da ta  Manager, were reviewed by the Project 

Manager. In addition, the Data Manager was responsible for consistency of format. 

Completed Data Requirement Descriptions (DRD's) are included in Appendixes A through K 

for their respective functional management categories. 

5 . 2 . 6  STEP 6: PREPARATION O F  USER FLOW DIAGRAMS BY USER MANAGERS 

In order to fully integrate data requirements with project activities, U s e r  Flow Diagrams 

were prepared for the following areas by responsible functional managers: 

a. 

b. Manufacturing 

c. Quality Assurance 

d. Logistics 

e. Project Control 

f. Reliability 

Engineering (includes Test and Planetary Quarantine) 

The format adopted for the U s e r  Flow Diagrams used the project baseline with its major 

design reviews as the horizontal axis, and project elements as the vertical axis. 

following was utilized as the project baseline: 

The 
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PDR FACI 

PHASE Ib PHASE IX 
DE FINITION ACQUISITION 

I GROUNDTEST I FLIGHT I LAUNCH t 
HARDWARE OPERATION SFO I PHASE I PHASE 

I P H A S E I  BASELINE 1 PHASEII 
I PHASE I PHASE 

BASELINE 4 I 
LAUNCH 

DE FINDIONS 

SDR = SYSTEM DESIGN REVIEW 
PDR = PRELIMINARY DESIGN REVIEW 
HDR = HARD DESIGNREVIEW 
CDR = CRITICAL DESIGN REVIEW 
FACI = FIRST ARTICLE CONFIGURATION INSPECTION 
MAR = MISSION ACCEPTANCE REVIEW 
J FACT = JOINT FLIGHT ACCEPTANCE COMPOSITE TEST 

Project elements identified to form the vertical axis are: 

a. System Office 

b. Contractor F’unctions (e. g., Systems Engineering, Subsystems Engineering and 
Manufacturing Planning) 

In addition, an excerpt of a U s e r  Flow Diagram is shown in Figure 5-8. These diagrams are 

prepared independent of Functional Management Category and are intended to  include all data 

items necessary to perform the designated function. Where the data items are formal o r  

key informal data items, the respective DRD numbers are shown on the diagram. Other data 

items contained therein are informal data items. 

The U s e r  Flow Diagrams, in addition to identifying the basic flow of information within a 

function, provide a basis for the Document Relationship Trees and the Frequency and Phasing 

charts prepared in subsequent Steps 7 and 8. 

Complete U s e r  Flow Diagrams are included in Appendixes A through K for their respective 

Functional Management Categories. 
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5 . 2 . 7  STEP 7: PREPARATION OF DOCUMENT RELATIONSHIP TREES BY DATA MANAGER 

In order to fully establish the relationship of data items, Data Relationship Trees were 

prepared by the Data Manager for each Functional Management Category. 

presents a typical tree. 

i s  shown as well as  interrelationships with documents in  other categories (both input and 

Figure 5-9 re- 

The direct relationship between data items in a particular category 

output). 

These interrelationships a re  subsequently incorporated into the DRD's by the Data Manager. 

Complete Document Relationship Trees are included in Appendixes A through K for their 

respective Functional Management Categories. 

5 . 2 . 8  STEP 8: PREPARATION O F  PHASING AND FREQUENCY CHARTS BY DATA MANAGER 

In order to develop methods and media for the effective flow of the data that have been 

established in the DRD's and User Flow Diagrams, Phasing and Frequency Charts  are pre- 

pared by the Data Manager. 

These charts, an example of which is shown in Figure 5-10, locate the data item in the initial 

project phase in which it appears, and then indicate subsequent quantities (initial issue o r  

update of the data item). 

verified with the responsible functional manager. During this step, the functional manager 

also indicates the anticipated quantities which compose each data item; e. g . ,  for example 

225 different test reports actually comprise the test report data item IITE 165. If  

These entries, which are based upon the U s e r  Flow Diagrams, are 

Upon the completion of the Phasing and Frequency Charts ,  the Data Manager prepares 

graphical summaries such as those shown in Figure 5-11, to provide an overview of the 

anticipated loadings of data items during phases of the project. 

CompletePhas h g  and FrWuencJr Charts and graphical summaries are  included in Appendixes 

A through K for their respective Functional Management Categories. 
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5.2.9 STEP 9: DETERMINATION OF SUBCONTRACTOR DATA REQUIREMENTS BY 
FUNCTIONAL MANAGERS 

The subcontractor level data base was divided into six classifications as shown in Figure 5-12 

to accommodate the different levels of control required between the prime contractor and i ts  

subcontractors, vendors and subsuppliers. These classifications and definitions are: 

a. Principal Subcontractor - A major subcontractor (first tier) whose contribution will 
substantially augment contractor capability. 

b. Major Subcontractor - A subcontractor (first tier) whose participation in Phase C 
work will exceed a total of $100,000 or whose participation in Phase D work involves 
the design and/or delivery of a vital or pacing item regardless of the value of the 
subcontract or purchase order, but who is less than a principal subcontractor. 

c. Key Subcontractor or Vendor - A subcontractor or vendor (first tier) whose 
participation in Phase D work involves the design and/or delivery of a vital or 
pacing item regardless of the value of the subcontract or purchase order but who 
is less than a major subcontractor. 

CUSTOMER 

ELEC TR IC 

PRXME 
CONTRACTOR 

c- 

TIER 
.c- VENDORS SUBCONTRACTORS 

OR VENDORS SUBCONTRACTORS SUBCONTRACTORS 

S U P P L I E R S  L__;i SECOND 
T I E R  
+ 

KEY 
SGB-SUPPLIERS 

THIRD 
T I E R  
.c- 

Figure 5- 12. Subcontrac tor/Contractor Relationship 
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d. 

e. 

f .  

I Other Vendor - A vendor (first tier) participating in Phase D work who would furnish 
primarily raw materials, stock or  shelf components. No development i s  involved in 
these products. 

Key Supplier - A supplier whose participation in Phase D work involves the design 
and/or delivery of a vital or pacing item. 
vendor, whose participation is directed by a first tier subcontractor. 8 This is a second tier subcontractor or 

Key Subsupplier - A supplier whose participation in Phase D work involves the 
design and/or delivery of a vital or pacing item. 
or vendor, whose participation is directed by a second tier subcontractor or  vendor. 

This is a third t ier subcontractor 

In order to develop data requirements for these levels, GE subcontract managers responsible 

for planned subcontracts (e. g. , radio command, propulsion) were assigned responsibility for 

reviewing the entire Data Item List and identifying the pertinency of contractor level data items 

to their subcontractor. Where the contractor was required to provide the data item to the 

subcontractor, this was to be noted by a C; where the subcontractor was to provide a com- 

parable data item to the contractor, this was to be designated by an S. 

These individual assessments were  compiled by the Data Manager and integrated into a 

Preliminary Subcontractor Level Data Item List, which was then reviewed by the managers 

responsible as functional managers, to  obtain their concurrence. 

The final iteration of these requirements are shown in the subcontractor columns of the Data 

Item List/User Matrix in Figure 5-5. 

A s  will be subsequently described under Section 5.4 (Subcontractor Data Requirements Study') 

this list was then iterated by direct review with selected potential subcontractors. 

Complete subcontractor data requirements are included in the data item matrixes of 

Appendixes A through K for their respective Functional Management Categories. 
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5.2.10 STEP 10: REVIEW AND APPROVAL BY DATA REVIEW BOARD 

Following the completion of the data call, a final meeting of the Data Review Board was 

called to verify the complete package. 

A t  this meeting, presentation was made by the Data Manager of overall results, such as a 

comparison of in-house subsystem data requirements with subcontracted subsystem data 

requirements. Exceptions and significant changes since prior meetings of the Data Review 

Board were identified and any items still requiring resolution were noted. 

Buyoff of the Data Review Board at this point primarily verified that the Data Manager had 

fully integrated the data requirements activities, and that there were no substantial changes 

from the original baseline list which had not been approved by the Data Review Board. 

5.3 CONTRACTOR DATA REQUIREMENTS STUDY 

Both formal data items (those managed within the scape of the Voyager Project Data 

Management System) and key informal data items (those managed within the contractor's 

organization) have been identified by functional managers using the process described in 

Section 5.2. 

Detailed descriptions of these data items are contained in Appendixes A through K of this 

report; Figure 5-13, however, represents a listing of these data items by data item type. 

Three-hundred and forty-five data items are included in this list and are summarized in 

Table 5-1. 
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Table 5- 1. Functional Category Summary 

Functional 
Category 

Technical Description and System 
Engineering 

Planetary Quarantine 

Manufacturing 

Configuration Management 

Quality Assurance 

Test 

Mission Operations 

Reliability Assurance 

Logistics and Support 

Overall Management 

Scheduling 

Manning and Financial 

Procurement and Contracting 

Procurement and Contracting 

Data Management 

5-22 

Functional 
Symbol 

SE 

PQ 

MG 

C M  

QA 

TE 

MP 

RA 

LS 

MA 

sc 

MF 

PC 

PC 

DM 

- 
- 

Total Number of 
Data Items 

65 

14 

21 

45 

31 

29 

5 

19 

23 

25 

14 

6 

8 

17 

23 

345 
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Data Item Ti t le  

-(29 

CM-026 Plan Confipuratlon Management 

DM-008 

DM-009 Plan. Data Management (CODtraCtOr) 

Plan. COntr’BCtor Data A~gulbltlDn FlOW 

Ls-012 Plan. bglstlCB Support 

Ls-013 Plan. Reld Cornmunicatlons 

~ s - 0 1 4  plan. ProYimning 

L s o 1 5  Plan. P a e k a p g  

Ls-016 Plan, Site Support 

m.017 plan. Transprtailon and Handllng 

Ls-018 Plan. Field Storage 

MA-007 plan. Project Implementation 

MA-008 Plan, Project Control 

MA-009 Plan. OrgPJllZat1on 

MA-010 Plan. Project Communlcations 

MA-011 PIS”. S e c u n t Y  

MA-012 Plan, Faeiliti 

MA-025 plan. Continpncy Operation 

MG-009 Plan. ManufaChll7ng 

MG-010 Plan. Storage 

MG-011 Plan. Manufacturing Detalled Flow 
and Inspection (Assembly Diagram) 

MP-002 Plan. Mlsslon Operations Support 
spacecraft 

MP-005 Plan, Fbght Operahon Diagnostic 
Computation 

Pc-015 plan.  Project Procurement  

PC-016 *plan, Project Subcontract Negotiation 

pc-017 Plan. Subeontractor’e Management 

pg-004 Plan. Planetary Quarantlne, Spacecraft 

PW-005 Plan. Planetary Quarantlne. Planetar? 
Vehicle Test 

QA-008 Plan. Inspection 

QA-009 Plan. Qualltv Assurance Program 

QA-010 Plan. Sarnpllng 

QA-011 Plan. Test and Operating, for Special 
Test  Equipment (STE) Component 

PA-008 Plan, Reliability AsSeS6ment 

PA-009 Plan, Reliability Program 

RA-010 Plan. Parts Control Program 

SE-001 Plan. Sjstem Development 

SE-002 Plan, Interface Integration 

SE-003 Plan. Subsystem Development 

SE-004 Plan, Mapetic Cleanllness Control 

SE-005 Plan. Electromagnetic Compahbtlity 

SE-006 Plan,  Cleanliness Control 

SE-007 Plan, Ma88 Propert ,es  Control 

TE-001 Plan, Integrated Test 

TE-130 Plan, General Test 

TE-131 Plan. Detailed Test  

TE-112 Plan. Spacecraft M188100 Opra t ion  Test 

TE-013 Plan. Interface Test 

TE-018 Plan,  Operational Support Equipment 

Control 

(OSE) Cerufwstlon 

Plan. Special Tes t  Equipment (STE) 
Verificatiun Tes t s  

TE-157 Plan. Faeilitiee Certification 

TE-158 Plan, SofWare Certlficahon 

TE-123 

*Key Informal Data 

Total8 

1 

3 

3 

1 

1 

2 

2 

1 

2 

2 

5 

5 

5 

5 

5 

5 

2 

3 

5 

2 

2 

3 

460 

3 

2 

5 

50 

4 

80 

421 

2 

2 

2 

2 

6 

45 

4 

4 

2 

3 

24 

120 

185 

7 

36 

2 

3 

2 

3 

Data Item Title TOt.l.9 

PROCEDURES (29) 

CM-027 Procedure. Change Control 1 

CM-028 Procedure Configuurat8on Control 
(Admin,stratwe 1 

CM-029 Procedure, Configuration Mnnabzment ~ a t a  1 

CM-030 Configuration Management Reviews PmceSSing 1 

CM-031 Procedure. Engmeenng Configuration 

CM-032 Instluction. Change Document Preparation 

CM-033 Instmctlon. Change Submittal and Approval 

DM-010 Procedure. Data Program Support 

DM-011 Procedure. Data Systems. Controls and 

DM-012 Procedure. Data Preparation. Submittal 

Identification Document Release System 

Records 

and Revlew 

DM-014 Procedure. Establishment of Data 
Reguirements 

DM-024 Procedure. Data Program Training 

LS-020 InStNction Modification Kit 

LS-021 Procedure, Handling 

LS-027 Procedure, Storage 

MG003  Procedures .  Manufaetunng Operation 

MG004  Manufscmnng Standing Inetnxt ions (MSr’s) 

PQ-006 Procedure. Planetary Quarantine 
Opemtlng 

PQ-007 Procedure, BIG-Assy Test  

QA-012 Procedure. P rocess  Control 

QA-013 Procedure. Testhnspection 

QA-014 Procedure, Rework 

QA-015 Procedure. Area Control 

RA-011 Procedure. Reliability Operating 

TE-129 Procedure Equcpment Calibration 

TE-030 Procedure. Test  Operating 

TE-125 Procedure. Facilitie8 Operating 

TE-159 Procedure, Equipment (Spacecraft and 

and Checkrut 

Operational Supporq Assembly and Handling 

Test  Board (IT@ 
TE-160 Procedure.  Operating. Integrated 

PROPOSALS (3 )  

PC-001 Contract Change Propo~a.1 

PC-018 P*OpoB.I. Subcontractors 

PC-019 Proposal. Subcontract Change 

RECORDS (21) 

CM-034 Chart. CongIgurabon 

CM-035 Record. Dramng Approval 

CM-036 Record. Drswng  Release and Status 

CM-037 Record. lnstallshon 

DM-023 *Proiect Information Resuest/Release 

MGOO7 Record. Methals and Tool Sheeta 

MGOO8 Sheet, Planning. Fabricatbm/Assernbly 

PC-008 ‘Record of Contract Correspondence 

QA-016 Record. Calibration 

QA-017 Record. Shelf Life 

QA-018 Record. Tool and Gauge Usage 
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64 
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31,000 

68. 500 

QA-019 Record. Test (Materials. Pa r t s ,  1,680,000 
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QA-001 Logbook. Component 24. 500 

QA-002 Logbook. Vehicle 5 

RA-012 Card, Pa r t e  Data 40, 000 

RA-013 Chart, Reliability Assurance Control 42 

SE-065 Logbook. Engneering 300 
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Data Item Title 

REQUESTS (61 

CM-045 Request, Design Change 

DM-021 Diatnbution Change Request 

DM-022 DRD Change Request 

MG-012 *Request. Manufacturing Planning 

MG013  *Request, Speclal Tool(s) 

PC-025 *Request. Subcontract PropoBa1 
lS/C RFP) 

SCHEDULES (9) 

MG-014 

MG015  

PC-026 

sc-002 

SC-003 

SC-004 

SC-005 

SC-006 

Schedule. Detail ABBemblg 

Schedule, Shop Ioading 

*Schedule. Project Procurement 

Schedule. Project Level (PERT) 

Schedule, Project Level (Milestone) 

Schedule. Task and Sub-Task Level 
(PERT) 

Schedule. Task & Sut-Task 
Level (Milestone) 

'Schedule. Detail PERT Fragnets 

SC-007 'Schedule, Work Package and 
Coat Account Level (Milestone) 

SPECIF'ICATIONS (301 

MP-003 Specification, M18mon Dependent 

m o l 2  Specification. B~c-Assay Test  

Equipment (MDE) 

Requirement6 

FQ-013 Specification. Facilities Requiremente, 
Planetary Quarantine De8lgn 

FQ-014 Specthcatton. General Endneering. 
Planetary Quarantine 

QA-031 Specification. Special Test  Equipment 
(STE). Component 

SE-008 Specification, Syetem Performance 
Requirements 

SE-009 Specification. Subsystem Design 
Requirements 

Contract End Item (CEO Detail 
Specification ( P n m e  Equipment) 
Part I (Requirements) 

SE-010 

50,484 

490 

93 

21,500 

4. 500 

450 

850 

230 

31 

137 

21 

137 

137 

137 

277 

2 

4 

2 

2 

421 

4 

30 

128 

~ a t a  Item n t l e  Totals 

SPECIFICATIONS (3% (Cont'd) 

SE-011 

SE-012 

SE-013 

SE-014 

SE-015 

SE-016 

SE-017 

SE-018 

SE-019 

SE-020 

SE-021 

SE-022 

SE-023 

SE-024 

SE-025 

SE-026 

SE-027 

SE-026 

SE-029 

SE-030 

SE-031 

TE-164 

TE-031 

Contract End Item (CEI) Detail 
Specification ( P n m e  Equipment) P a r t  11 

Detail Specificahon Engineering 
Cn t i c s l  Component 

Contract End Item (CEI) Detail 
Specification (Identication Item) 

Contract End Item (CEI) Detail 
Specification (Requirement Item) 

Specification. P a r t  ( ) 

Specification. Material 

Specification. Proce88 

Planetary scan Platform Interfaces 
Specification. Experiment and 

Document, lnterfaoe Control 

cr i ter ia .  StrUUCbll'BI Design 

General Engineering Specification, 
Magnetic Cleanline88 

General Engineering Specification. 
Electromagnetic Compatibility 

General Engineering Specification. 
Cleanliness 

General Engineering Specification Design 

General Enr~nee r ine  Soecifioation. Teat 

206 

342 

14 

600 

200 

50 

20 

10 

2 

3 

3 

2 

20 

300 
I I .  

and Evaluation (Materials, P u t s ,  Processes)  

Specification. Mock-up 74 

Specification. Special Test  Models 3 

List, Approved Materials 8 

List. Approved Pa r t s  10 

LiBt, Approved P r m e s s e e  7 

Ltst. Component Deaign Pa rame te r s  3 

Specification. Software Performance 40 

Specification. Special Test  45 
Equipment (STE) (System and Subsystem) 

STANDARDS (11 

RA-014 Standard. Rework 

SUBCONTRACT (1) 

PC-027 Subcontract 

*Key Informal Data 
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Of the 345 total data items, 52 (or approximately 15 percent)are key informal data items. 

Technical and administrative proprietary data items prepared in response to the general 

provisions of the contract are not included in this list, but are itemized separately in Appendix 

J ,  which covers the Procurement and Contracting Functional Management Category. Data 

items shown on the General Provisions DataItem List have been included because they are 

specifically called out by NASA procurement regulations and are considered applicable to the 

Voyager spacecraft contractor. Those identified with an asterisk were identified by functional 

managers as necessary to perform their responsibilities prior to preparation of the General 

Provisions Data Item List and are also shown on the functional category data item lists. 

Key references that formed the basis of generation of the data items were: 

1 - "Guidelines for the Voyager Spacecraft Contractor, It Jet Propulsion Laboratory, 
MA002BB001-2A, November 12, 1965. 

2. "Quality Pr- Provisions for Space System Contractors, 
National Aeronautics and Space Administration, NPC 200-2, April 20, 1962. 

3. "Reliability Program Provisions for Space System Contractors, " National 
Aeronautics and Space Administration, NPC 250-1, July 30, 1963. 

4. General Electric Company Management Plans, Voyager Phase IB Proposal, e. g., 
"Preliminary Quality Program Plan, It General Electric Missile and Space Division, 
CII VCllOVP011, 31 January 1966. 

A summary chart that reflects the combined total of all the data items in the 14 Functional 

Management Categories has been prepared and i s  shown in Figure 5-14, Voyager Project 

Data Items Density Profile (Summary). 

Analysis of the chart reveals a uniform buildup and decline of requirements for preparation 

of both formal and key informal data items. Since preparation requirements for certain data 

items (CM-003, Alteration Notices; CM-045, Design Change Requests; RA-012, Parts Data 

Cards: and QA-019, Test Reports) were considerably in excess of other items, they were 

plotted separately to show their individual effect. (DM-023, Internal PIR's is not shown on I 
this chart.) 1 
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A summary of baseline data requirements, derived from the frequency/quantity analyses and 

subsequently utilized in the Automatic Data Processing Plan (Section 6.3) is shown as 

Figure 5-15. 

Following the formal data call, further analysis of the User  Flow Diagrams and Automatic 

Data Processing Plan has indicated additional candidate data items, as shown in Figure 5-16. 

The Candidate Data Item List is not all-inclusive; rather, it is illustrative and has been 

included to show how new data items evolve as the subject is probed from additional perspectives. 

5.4 SUBCONTRACTOR DATA REQUIREMENTS STUDY 

A s  indicated in Step 9 (Section 5.2.9, initial estimates of subcontractor level data requirements 

were made by GE managers for four types of first tier subcontractors (principal subcontractors; 

major subcontractors; key subcontractors/vendors; and other vendors) and for second and 

third tier suppliers. In order to further develop this estimate, however, it was decided to 

work directly with selected potential subcontractors. 

Consequently, a presentation highlighting the interaction of the subcontractor with the Voyager 

Data Management System was prepared, and a series of visits was initiated to: 

a. Texas Instruments, Apparatus Division, Dallas, Texas 

b. Motorola Semi-Conductor Division, Phoenix, Arizona 

c. Rocket Research Corporation, Seattle, Washington 

d. Aerojet-General, Sacramento, California 

These subcontractors were requested to review the data items that would be imposed upon 

them by the spacecraft system contractor and classify them as follows: 

a. Similar or identical to those currently in use (old): 

Group I - Data which is developed by persons whose services are covered by 
administrative overhead. (There is no direct charge to the customer for this service.) 
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PROJECT PARAMETERS 
Project Duration in Months (to Launch) 
Spacecraft Contractor Personnel 
Equivalent Number of Spacecraft 
Equivalent Number of OSE Sets 

COST AND SCHEDULE PARAMETERS 
Charge Numbers (Cost Account) 
Task and Sub-task Milestones 
Task and Sub-task PERT Events 

HARDWARE PARAMETERS (PER VEHICLE) 
Spacecraft CEI and Engineering Critical Components 
Spacecraft Subassemblies 
Spacecraft Pieceparts 

OSE, AHSE, MDE, CEI and Engineering Critical Components 
OSE, AHSE, MDE Subassemblies 
OSE, AHSE, MDE Pieceparts 

Spacecraft Drawings 
Spacecraft Drawing Revisions 
Spacecraft Specifications 
Spacecraft Specification Revisions 

OSE, AHSE, MDE Drawings 
OSE, AHSE, MDE Drawing Revisions 
OSE, AHSE, MDE Specifications 
OSE, AHSE, MDE Specification Revisions 

Spacecraft Engineering Change Proposals 
Spacecraft Specification Change Notices 
Spacecraft Change Notices 

OSE, AHSE, MDE Engineering Change Proposals 
OSE, AHSE, MDE Specification Change Notices 
OSE, AHSE, MDE Change Notices 

Selected Formal and Informal Data (Excluding Drawings, 
Specifications and Related Documents) 

DRAWINGS AND SPECIFICATIONS 

CHANGE DOCUMENTS 

PROJECT DOCUMENTATION 

Figure 5-15. Baseline Data Requirements (From Contractor 
Automatic Data Processing Plan) 
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Group 
customer will accept the present format or form. (Producer gets paid for re- 
production services only.) 

- Data which is developed in the normal course of doing business and the 

b. New data items/new format: 

Group m - Data which is developed in the normal course of doing business but the 
customer requires additional effort to obtain the desired form or format. (Producer 
gets paid to convert and/or amplify, prepare, and reproduce this data.) 

Group IV - Data which would not be developed in the normal course of doing business. 
(Producer gets paid to develop, prepare, and reproduce this data.) 

Group V - Unacceptable or not applicable. 

Subcontractor responses to both classifications (i. e., contractor requirements imposed on 

subcontractors (C); and subcontractor internal requirements (S) are portrayed in Figure 5-17. 

In addition, these subcontractors were requested to review the data item list for all items 

which they would impose on their second tier key suppliers. 

subcontract managers (and functional managers) subsequently revised the basic subcontractor 

level data item matrixes (reference Figure 5-5) which are included in Appendices A through K. 

Based upon this review, the GE 

An analysis of subcontractor response follows: good correlation existed in the principal 

subcontractor category between the original and the revised Data Item List (234 of the previous 

245 data items remain). . . this tends to verify the basic validity of the original estimate. Good 

correlation also existed on the number of data items falling into the different cost group 

classifications between all four potential subcontractors queried. (See Figure 5-18). 

Although the principal subcontractors and GE were in general agreement on data item re- 

quirements, almost half (47 percent) of the data items were new to the firms queried. This 

suggests that further refinement of the subcontractor level data item list may subsequently be 

desirable. 
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Figure 5-18. Principal Subcontractors 

The quantity of key supplier data items (second tier subcontractors) increased significantly 

over the number estimated in the original Data Item List. (This indicates the need for 

additional review and potential creation of DFtD's that delineate the portions of contractor 

and subcontractor data items that should be imposed on key suppliers.) 

The computer and sequencer (an in-house developed subsystem) Data Item List diverges in 

specifics, but not in quantity, from the principal subcontractor list. This points out that 

although all subsystems do not have identical data items, a close correlation exists between 

the total requirements for both in-house and subcontracted data items. 
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SECTION 6 

CONTRACTOR IMPLEMENTATION STUDIES - PHASE III 

6.1 INTRODUCTION 

The following studies were prepared during this phase to determine how the contractor 

would use the data management system delineated in Phase I to process the data developed 

in Phase II: 

a. Information System Equipment Handbook and Microfilm Compendium 

b. Automatic Data Processing Plan 

c. Indentured Numbering System Study 

d. DataCostStudy 

Summary descriptions of the contents of these reports follow. 

6.2 INFORMATION SYSTEM EQUIPMENT HANDBOOK AND MICROFILM COMPENDlUM 

The Information System Equipment Handbook contains descriptions of the functional and 

performance characteristics of data processing and office equipment used in information 

systems work  Performance and cost trends are discussed for the classes of equipment 

described and typical applications are  included. 

The handbook was  written to serve two purposes: First, it w a s  intended as a tool for the 

information system designer to help him with preliminary system design and evaluation. 

Existing equipment capabilities and costs are made conveniently available so that 

proposes solutions to infomation system problems can be examined quickly from the 

standpoint of hardware capability and cost. Second, it was  intended for use by the 

information system user as a guide to the capabilities and limitations of the equipment, 

thereby providing him with a better understanding of processing. 

An effort was  made in the handbook to identify the trends developing in various sectors 

of the equipment spectrum, to permit designing Voyager systems appropriate to the time 

period of their employment (1968-73). 
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Data is presented fo r  the following classes of equipments used in information system work: 

a. Medium and large-scale computers 

b. Auxiliary data storage devices 

c. Special input/output equipment 

d. Unit record equipment 

e. Telecommunications equipment 

f. Reproduction and office copying equipment. 

Each section contains a description of the equipment belonging to the class and the function 

it performs. Performance and cost data, such as that illustrated in Figures 6-1 and 6-2, 

are given, generally in the form of comparison tables. No evaluation of competing 

equipments has been attempted. Applications illustrative of the use to which a particular 

machine might be put are provided in a number of cases. In addition, a Microfilm 

Compendium identifying microfilm processes, systems, and equipment that could be 

used in the storage, retrieval, and dissemination of information by the document control 

centers concerned with Voyager data management was prepared. 

6.3 AUTOMATIC DATA PROCESSING PLAN 

This report describes a plan for an integrated automatic data processing (ADP) system 

for the Voyager spacecraft project. This automatic data processing system is to be 

used by the spacecraft contractor in the acquisition, storage, processing, and transmission 

of data required for management and technical control and support of the development, 

production, and test of the Voyager spacecraft. 

An ADP system is necessary for the following reasons: (1) criticality of schedule 

performance, (2) high spacecraft reliability demands, (3) length and continuity of the 

program, and (4) diverse locations and multiplicity of customer, prime contractor, and 

subcontractor interfaces. 
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(a) Capacity Trend of On-line Storage 
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YEARS 

(b) Cost Trend of Processing 

Figure 6-2. Cost Excerpt from Information System Equipment Handbook 
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Three conceptual approaches to ADP systems were considered: independent, centralized, 

and federated. 

The independent and centralized approaches represent two extremes. The independent 

approach uses several independent functional systems, with the advantage of flexibility 

and the disadvantage of the absence of central coordination. The centralized approach 

uses one centralized integrated system, with the advantage of central coordination and 

the disadvantage of the lack of flexibility. 

The federated approach is an intermediate one, with an optimal balance of the advantages 

and disadvantages of the independent and centralized approaches. This is the only one 

that simultaneously permits both the flexibilily required in the developmental environment 

and the central coordination required for control of data to ensure accuracy and 

consistency. 

The federated ADP system planned for use by the Voyager spacecraft contractor consists 

of seven functional information systems: 

a. 

b. 

C. 

d. 

e. 

Project Control - Supports planning and control activities including costs, 
schedule, resource allocation, estimate and forecast data, subcontractor 
management and administrative reporting, and technical performances indexes. 

Engineering Development - Provides a variety of data to engineering, management 
and customer personnel including on-line hardware design parameters, design 
and effectiveness optimization routines, and automated engineering graphics. 

Configuration Manage ment - Provides control of designed configuration data 
such as parts lists, drawing status and change notice status, and visibility of 
"as built" configuration. 

Purchasing and Mater ia l  Control - Supports the entire material procurement 
cycle from the consolidation of material requests through the withdrawal of 
material from stockrooms. 

Fabrication, Assembly, and Test - Supports the contractor in-house productian 
and test activities, including planning, production scheduling, and status report- 
ing, shop loading, and labor cost accumulation. 
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f. Test and Environmental History Accounting - Provides an accounting of a11 
equipment failures and tests, but is limited to ground test data at this time. 

g- - Document Management - Provides the means for monitoring the timely prepara- 
tion of data in response to contractual obligations, document distribution control, 
and operation of the document retention center. 

For each functional system, the following were considered: purpose and objectives, 

use of outputs , approach and general considerations, system particulars, loading 

estimates, equipment and manpower requirements, and implementation. 

Figure 6-3 indicates a typical output information and documentation chart. Figure 6-4 

illustrates a typical automatic data processing flow diagram. 

For the overall federated ADP system, a number of computer and peripheral equipment 

systems were evaluated according to system hardware, computation load, availability, 

assignment, operating costs, and implementation requirements. 

System hardware includes large- scale computer systems, medium-scale computer 

system s , remote input/output computers , remote- acces s , time - sharing computations , 
on-line file storage, unit-record and terminal equipment, and telecommunications 

channels. 

Computation load,such as is shown in Figure 6-5, was determined according to base 

load and operating load. Availability was estimated with consideration of the scheduled 

work week, preventive-maintenance requirements, and malfunction downtime. Operating 

costs were estimated as were system-operating requirements. Implementation require- 

ments reflected personnel and schedule requirements as indicated in Figure 6-6. The 

impelementation schedule is based on a contract award during first quarter of 1968 and 

a launch date of July 1973. 

The federated ADP system was evaluated with respect to key system capabilities and the 

impact of the ADP system on the Voyager spacecraft program. Key system capabilities 
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Figure 6-6. Automatic Data Processing (ADP) 
System Implementation Schedule 
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include recovery from machine failures, adaptability to information flow between contractors, 

file protection, capability of performance within limits imposed by hardware, file-data 

auditing, and hardware performance cycles. 

Modification and extension of the ADP system were considered. 

included changes in system scope, data-handling requirements and data processing 

hardware; cost and performance trends in hardware and telecommunication; and system 

shutdown for  project completion. 

Areas of investigation 

Particular attention was paid to the establishment of a design data base for use in the 

engineering development phase of the program (see Figure 6-7). 
, 

6.4 DATA ITEM INDENTURED NUMBERING SYSTEM STUDY 

The purpose of this study was io develop a unified numbering system that would relate 

hardware and software across all significant elements of the project and enable retrieval 

of documents and information concerning them. The following requirements were used 

as  the basis for developing the numbering system: 

a. 

b. 

Traceability between project activities and hardware must be maintained. 

Traceability would include both formal and informal data items 

c. The capability must exist for determining the data items composing o r  related 
to project functions, work packages, organizational outputs, o r  project phase 

d. The capability must exist for document retrieval against request by document 
identification number, part number, project function, work package, and kind 
of document. 

The following actions based on these requirements were taken: 

a. 

b. 

c. 

Analysis of possible kinds of requests was made 

Analysis of possible kinds of responses was  made 

The Data Item List was reviewed to determine kinds of documents to be considered 
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sub system 

Automatic Cross-Section Layout 

Mechanized Drafting 

Energy Balance 

Flight Sequency of Events and 
Power Profile 

Link Calculation 

Telemetry List 

Optimum Parts Selection 

Parts  History of Reliability 

Qualification Status 

System Reliability Analysis 

Reliability Assessment and 
Appraisal 

Structural /Dynamics Analysis 

Thermal Analysis 

output 

Cross-sectional view drawings of 
completed spacecraft and its components 

Mechanically produced engineering 
drawings, schematics, flow diagrams, 
and layout drawings 

Definition of power load requirements 
for each component by mission phase 
and power type 

\ 

Definition of mission events, time of 
event, command source and definitions, 
and power requirements by event and 
mission phase 

Definition of telemetry-data requirements 
for each phase of mission 

List of all telemetered data points and 
rates, including variable to be sampled, 
units, sampling rate, and data mode 

Selection of parts most suitable for a 
specified design application 

Performance history, under varying 
environmental and functional conditions, 
for predetermined part types or 
criticality levels in hardware system 

Dynamic record of qualification status 
of components and other parts used in 
hardware system 

System-level configuration definitions 
and reliability predictions for specified 
levels of systems and hardware 

Measurement and control data useful 
for reliability and maintainability 
surveillance of specified levels of 
systems and hardware 

Analysis of structural design integrity, 
including dynamics and stress analysis, 
of hardware system 

Thermal maps for analysis of thermal 
design integrity, including thermal 
balance and control of hardware system 

Figure 6-7. Outputs of Engineering Development Subsystem 
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d. Document numbering structuring patterns were  reviewed and choices made 

e. Work breakdown structure patterns were reviewed and choices made 

f .  

g. 

A significant document coding was developed 

Existing numbering systems used for retrieval were  reviewed. 

The recommended numbering system is a series of numbers and alpha codes constructed 

in a manner that enable formal and key informal data items to be identified and retrieved. 

The document identification number (DIN) assigned by the preparer and marked on the 

data item is the basis by which it is identified, filed and retrieved. In addition, the data 

item marking will include for: 

a. Formal data items: 

1. Functional management category code 

2. DRDnumber 

3. Imposers code 

4. Response sequence number 

5. Responders code. 

b. Informal data items: 

1. Functional management category 

2. Work Breakdown Structure (WBS) number 

3. Preparing organization code. 

The series of numbers and codes also provides the capability of identification and 

retrieval of data items, when requested, against such subjects as: 

a. Work Breakdown Structure (WBS) - which includes project, project phase, system/ 
task, subsystem/sub-task and project activities. 
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c 

b. 

C. 

d. 

e. 

Type and kind of data item - which allows identification and retrieval of groups 
of the same typebind of data items. When requested in conjunction with the 
WBS segregater, those related to a specific subtask/task/function. 

Preparing organization - which allows identification and retrieval of data items 
prepared by a specified organization element regardless of function or work 
task association. 

Hardware identification - which establishes by identification of part numbers and 
their defining data items the relationship of hardware to specified functions and 
work packages. 

Contractual response - which includes the identification of the Data Requirements 
List (DRL) line item and its associated Data Requirements Description (DRD) 
against which the response is made. 

6.5 DATA COST STUDY 

This study was conducted to develop the following contractor-level techniques for 

estimating monitoring the cost of data produced by a contractor for the Voyager Project: 

a. Preparation of estimates of the price of data items on the Contractor Data 
Requirements List (DD Form 1423) 

b. Accumulation, monitoring, and cmtrol af the cverall costs of fcmal and 
informal data 

c. Accumulation, monitoring, and control of the individual cost of selected 
formal and informal data items. 

The basic approach recommended was that all data activities would be organized in a 

contractor Work Breakdown Structure similar to that shown in Figure 6-8. This is 

proposed as a five-level breakdown, which is assumed as a minimum for the Voyager 

Project. Three principles are involved: 

a. The generation and preparation of data for each formal data item would be 
included, either as a separate work package or as a specified subtask in a 
larger work package. For example, preparation of a group of technical 
manuals, meeting the criteria for a separate work package would be identified 
as a separate work package; preparation of a single report, not meeting the 
criteria for a separate work package, would be identified as part of a larger 
work package for which it would be a logical output. 
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b. 

C. 

The production and reproduction of 
included in a single work package. 

all contractor-generated data items would be 
An additional level of breakdown is required 

for this work package to account for individual data items. This is the job 
control system referenced in Figure 6-8. 

Other data activities related to the overall performance of the data management 
function would be grouped and included as separate work packages, as desired, 
for effective management. 

Data item cost and price estimates normally would include only production and reproduction 

costs. Generation and preparation costs would be included only when an integrated data 

activity can be established as a separate work package. 
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. SECTION7 

CONTRACTOR MANAGEMENT INFORMATION STUDY - PHASE IV 

7.1 INTRODUCTION 

The Voyager Project has several fundamental requirements that demand particularly 

tight control of the project. Launch window constraints make performance within planned 

schedules most critical. The number and geographic dispersion of subcontractor and 

customer offices, of associate contractor and contractor locations require a complex 

multipath communications network. A large amount of data is generated. The major 

project control task therefore, is the accumulation, selection, calculation, and analysis 

in response to the large volume of data and recommendation and follow-up to assure 

action. 

The critical question is finding a means to communicate to pmgram management the vital 

project control data needed, the analysis and basic conclusions to be drawn from the data, 

alternative courses of action and the action recommendations and follow-up. 

The development of management information data requirements and flow channels was 

conducted through a series of related activities, as indicated below: 

a. Formal Data Requirements - These include the Data Item Matrices, the Data 
Requirement Descriptions, and the U s e r  Flow Diagrams that a re  included in 
Appendix G. 

b. Automatic Data Processing sly stem for Project Control - Development of an 
automatic data processing system to handle management data is included in the 
Automatic Data Processing Plan and summarized in Section 7.2. 

c. Technical Performance Monitoring Study - An approach toward the monitoring 
of technical performance for the Voyager Project has been developed and issued 
in a technical report. This approach is summarized in Section 7.3. 

d. Project Control Room Study - A Project Control Room Study has been conducted 
and described in a technical report that is summarized in Section 7.4. 
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7 . 2  AUTOMATIC DATA PROCESSING SYSTEM FOR PROJECT CONTROL 

The subsystems that make up the automatic data processing system for project control 

have six broad aims: 

a.  To establish, record, and maintain plans for financial, schedule, and resource 
(i. e. , manpower and material) plans 

b. To provide a method of updating those plans and for recording and measuring 
actual performance against them 

c.  To facilitate projections and forecasts of performance based on the analysis of 
actual versus planned performance 

d. To generate resource support information such as  personnel lists and 
organization charts 

e .  To provide a method of producing the various reports needed to satisfy customer 
data requirements, subcontract management needs, and internal management 
and functional use 

f.  To provide total visibility and downward traceability to the Program Manager 
and the customer, including the deviations from plan, the trends, and/or pre- 
dictions which represent problem areas (current and/or future) that require 
his attention due to the level of decision and/or customer involvement. 

To accomplish this, seven subsystems have been identified in the automatic data processing 

system for project control. 

7 . 2 . 1  COST AND SCHEDULE SUBSYSTEM 

Project control uses this subsystem to determine project costs, budgets, schedules, 

resource utilization, and projections. It determines project status in terms of "Value of 

Accomplishment, 'I technical progress, and cost expenditures. ("Value of AccomplishmentT' 

is a calculated index that establishes a dollar equivalence for technical accomplishment a s  

measured by the number of milestones completed.) Further, it identifies where manage- 

ment action needs to be taken. The subsystem provides many of the financial and schedule 

reports required internally and by the customer. At any time the file can be remotely 

interrogated for financial-schedule data. 

7-2 



7.2.2 OPERATIONS ANALYSIS SUBSYSTEM 

This subsystem gives project control access to status information contained in the other 

systems of the Automatic Data Processing Plan. This is a real-time subsystem which 

provides the Project Control Room with the capability to gather data of particular interest, 

to ascertain its significance to project performance, and to initiate action based on the 

analysis of the data. Use of this subsystem is on an "as-needed" basis. It is employed 

by all levels of management. Critical milestone and action item status are automatically 

annotated by the subsystem. 

7.2.3 CONTRACT/ACTION ITEM SUBSYSTEM 

This subsystem provides a means of collecting total project external contact information 

and action item requirements and status. The subsystem automatically prints out daily 

action item lists at the responsible operational remote terminal and demands from them 

current updating of action item status. Project control is made aware of the status of the 

critical and dormant action items automatically. 

7 . 2 . 4  FACILITIES SUBSYSTEM 

This subsystem provides project control with project level information relative to space 

requirements, equipment needs, and associated activities. 

7.2.5 SUBCONTRACT PROCUREMENT SUBSYSTEM 

Subcontract management usesthis subsystem to help control subcontractor activity. The 

information utilized is held in the Cost and Schedule Subsystem and the Contact/Action Item 

Subsystem as an integral part of the total project status. Subcontract procurement status 

is extracted fromthose systems as required. Data on subcontractor costs, schedules, 

and action items is normally received monthly in the form of punched cards or  magnetic 

tape. However, provisions a re  made in this subsystem to input data by remote terminals. 

Both critical subcontractor milestone and action item status a re  maintained in this manner. 

7.2.6 RESOURCE SUPPORT SUBSYSTEM 

This subsystem generates administrative support data such a s  personnel lists, telephone 

directories, organization charts, and similar items. 
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7.2.7 PROJECT CONTROL ROOM SUBSYSTEM 

The Project Control Room Subsystem provides uniform data for baseline analyses, displays, 

and reports for direct use by project management, project control, functional management 

and customer personnel. 

Project control personnel a r e  provided with timely and accurate information that is made 

available through a variety of techniques, including microfilm projectors, automatic graph 

preparation, and audio-computer response. Cathode-ray tubes and teletype terminals 

enable project control personnel to have access to computer data banks and to perform 

analyses, simulations and tradeoff studies, a s  appropriate. 

A summary of the output information of the Project Control Room Subsystem is presented in 

Figure 7-1. 

7 . 3  TECHNICAL PERFORMANCE MONITORING STUDY 

This report presents an approach to provide t'monitoringll of technical performance for 

the Voyager Project. 

In the context of this study, "monitoring" is considered to involve analysis by project 

management of available data to determine: 

a. Conformance with established technical requirements 

b. Required action to solve indicated problems and prevent potential 
problem s. 

Engineering appmaches to assure design adequacy and management approaches to assure 

application of long-life spacecraft project practices a re  not included within the scope of 

this study. 

The approach recommended for Voyager is to  incorporate three essentially complementary 

viewpoints to establish a realistic Technical Performance Monitoring System. 
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Figure 7-1. Project Control from ADP 
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The viewpoint of technical management, reinforced a s  required by external experts, is 

obtained through the Design Review mechanism at discrete points. 

The viewpoint of the Cognizant (or Lead) Engineer is obtained through the Technical 

Adequacy Report at regular cbi-weekly) periods. 

The viewpoint of the performing functional organizations is obtained through their regular 

assessment of technical status by reporting milestones completed (or percent of com- 

pletion) into a Schedule-Cost Coupling System. 

The recommended system, summarized below, is consistent with existing and planned 

management systems for Voyager, and is composed of three major elements, described 

in the following paragraphs, which a re  all utilized throughout the analysis, development, 

test, and operational phases of the program. 

7.3.1 TECHNICAL ADEQUACY SYSTEM 

A Technical Adequacy System, which provides for assessment by the cognizant engineer 

of status and trend with respect to selected system and subsystem parameters would be 

implemented as follows: 

a. 

b. 

C. 

d. 

By negotiation (between the customer system office and the contractor) critical 
system and subsystem parameters wouId be selected for reporting. 

System and subsyatem engineers would determine probabilistic specification or 
allocation requirements for the selected parameters. 

System and subsystem engineers would report technical status with respect to 
these p a k e t e r s  on a standard form at regular (bi-weekly) intervals. 

Contractor management would analyze these reports and forward them, together 
with their analysis, to the system office. 

A detailed description of this system, including potential subsystems parameters, reporting 

format, and a statistical technique for status assessment is presented in the report. 
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7.3.2 DESIGN REVIEW DATA SYSTEM 

A Design Review Data System would provide management with information concerning the 

technical design at discrete time periods. Inasmuch as Design Reviews are a proven 

technique, further development during this study was concentrated upon the data require- 

ments and data flow associated with these reviews. 

The data requirements and flow for major project reviews and typical intermediate-level 

reviews are presented in the report. Figure 7-2 represents an excerpt from the report 

showing a portion of the Data Package for the Preliminary design review. 

7 . 3 . 3  SCHEDULE-COST COUPLING SYSTEM 

A Schedule-Co st Coupling System would provide management with real-time assessment 

of the relation between technical status and schedules and costs. 

During the early phase of this study, an analysis was conducted of Schedule/Cost Coupling 

Systems and their potential application to Voyager. (Schedule/Cost Coupling Systems a re  

techniques for  determining "rea1"overrunhnderrun status by comparing actual value of 

work performed w i t h  the planned cost for performing that work. ) 

Because of the obvious relationship of schedule/cost coupling to technical performance 

monitoring (technical problems invariably translate into schedule and cost problems) 

further activity during this study was concentrated upon identifying means to enhance their 

effectiveness in highlighting technical problems. 

A s  a result of this study, it was determined that the addition of the following features 

would make a schedule/cost coupling system a more effective technical performance 

monitoring tool: 

a. Direct communication - both input and feedback - between the technical per- 
former and the "system" 

b. Selection and highlighting of milestones with technical significance 
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Preliminary Design Review (PDR) marks the completion of all requirements and performance 

specifications (Part I of the CEI Specifications) 

SE 001 
SE 002 
SE 003 
SE 004 
SE 005 
SE 006 
SE 007 
SE 008 
SE 009 
SE 010 

SE 015 
SE 016 
SE 017 
SE 019 
SE 021 
SE 022 
SE 023 
SE 024 
SE 026 
SE 028 
SE 029 
SE 030 
SE 033 
SE 034 
SE 035 
SE 036 
SE 037 
SE 038 
SE 042 
SE 046 
SE 047 
SE 052 
SE 056 
SE 057 

TE 001 
TE 024 
TE 025 
TE 027 
TE 031 
TE 046 

Plan, System Development 
Plan, Interface Integration 
Plan, Subsystem Development 
Plan, Magnetic Cleanliness Control 
Plan, Electromagnetic Compatibility Control 
Plan, Cleanliness Control 
Plan, Mass Properties Control 
Specification, System PerformanceLDesign Requirements 
Specification Subsystem Design Requirements 
Contract End Item (CEI) Detail Specification (Prime Equipment) 
Part I (Requirements) 
Specification, Part 
Specification, Material 
Specification, Process  
Document, Interface Control 
General Engineering Specification, Magnetic Cleanliness 
General Engineering Specification ,Electromagnetic Compatibility 
General Engineering Specification, Cleanliness 
General Engineering 3pecification, Design 
Specification, Mockups 
List, Appmved Materials 
List, Appmved Parts 
List, Appmved Processes 
Report, System Analysis, General 
Report, System Analysis, Trajectories and Orbit 
Report, System Analysis, Magnetic Characteristics 
Report, Sequence of Events 
Report, Trade Studies 
Report, System Analysis, Reliabilities 
Report, Thermal Analysis 
Report, Component Design 
Report, Subsystem Design 
Report, Power Profile 
Drawings (Category A) for Design Evaluation 
Drawings (Category B) for Interface Control 

Plan, Integrated Test 
Minutes, Integrated Test Board 
Manual, Test Facilities Description and Capabilities 
Logbook, Test 
Specification, Special Test Equipment (STE) (System and Ehbsystem) 
Report, Cumulative Test Time 

(cont Id) 

(Excerpt from Technical Performance Monitoring Report) 

,'igure 7-2. Data Package (Partial List) for Preliminary Design Review (PDR) 
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c. Summarization by technical craft, e.g., thermal analysis 

d. Trend reporting and graphical displays 

e. Flexibility to utilize I t %  Complete" estimates during the development phase. 

Addition of these features indicated the desirability of not only computerizing the entire 

system but providing for direct inputting and readout capability, both tabular and graphic, 

for technical performers (desk-side computers in a time-sharing mode. ) 

Coincident with the Voyager4riented study, both the Re-entry Systems Deparhnent (RSD) 

and the Manned Orbiting Laboratory (MOL) Department concluded that it was desirable 

to mechanize their schedule/cost coupling systems: consequently a description of the MOL 

system, which is typical of a Voyager system, was included in the report. Additionally, 

typical outputs of a real-time system were developed and included. 

7 .4  PROJECT CONTROL ROOM STUDY 

The study a s  described in the Project Control Room Report identified the key characteristics 

of a successful project control room. These included the capability of: (1) highlighting the 

exceptions, (2) identifying the information from which conclusions were drawn, (3) having 

available the broad-based background information that makes the exceptions understandable 

and permits the Program Manager to be fully informed, and (4) assessing the impact of 

changes on meeting the fixed launch data. 

To attain these essential characteristics, four major requirements were established: 

a. 

b. 

C. 

Visibility , which includes the top-down work-breakdown relationship, main- 
tenance of baselines, tie between schedules and costs, action-item tracking, 
alternate plans, and currency of information. 

Communicability, which includes use of uniform baselines, mechanisms for 
communicating baselines, and quick-acting display techniques. 

Dependability, which includes the requirements for comprehensiveness, 
information authentication, single-input sources, remote interrogation, 
and security. 
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d. Usability, which includes economy, timeliness, operational use, gmwth, and 
flexibility to accommodate change. 

Within this framework, the Work Breakdown Structure was selected a s  the primary tool 

for ensuring the continuity and traceability of project control room data, for the following 

rea sons: 

a. 

b. 

C. 

d. 

e. 

The Work Breakdown Structure serves as common basis for structuring the 
technical plan, estimating costs, establishing schedules and manpower plans. 

Allocation of resources are correlated to all program effort, across all contract 
phases, via the Work Breakdown Structure. 

The Work Breakdown Structure facilitates correlation of schedules with cost, 
with technical progress a s  required contractually for reporting, and also 
provides the basis for future cost estimates. 

The Work Breakdown Structure provides the medium for communicating the 
coding structure necessary to identify program milestones, PERT network 
development, interfacing, and correlation with all task levels, and identification 
of responsibilities within the System Contractors 0 rganization. 

The Work Breakdown Structure identifies the program level where resources 
are authorized for expenditure/consumption for the current and near-term 
program phases (at the bottom-tier work package or standard actioajand the 
higher task levels where remaining resources a re  allocated in accordance with 
the total Program Plan. 

Data displays were developed from the Work Breakdown Structure utilizing the approach 

symbolized in Figure 7-3, which identifies the type of plan/status data to be maintained 

at each level and indicates the data selected for display. This figure also illustrates the 

interrelationships’that exist between the various elements of each type of data, and 

between the various levels of data. 

Directional arrows indicate the interrelationships that exist between the various data. 

Schedule data may be traced vertically from the detailed work package fragnets and 

schedules to the project-summary network and milestone schedule or horizontally to the 

charts which depict milestones met vs.milestones planned. 
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Included in the report are comparative data on representative operating project conk01 

rooms, analysis of user requirements, design of the project control room, and sample 

operating procedures. 

Typical display charts for the following types of information are included: 

1. Facilities utilizaticm schedules 

2. Major hardware utilization schedules 

Plan/Status Data 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Summary networks at s u b s k ,  task, and project level 

Detailed schedules of activities by subtask and functional component 

Summary schedules at subtask, task, and project level 

Interface event schedules - customer/cmtractor; contractor/subcmtractor 

Special event schedules, e. g., all Proof Test Model components complete. 

Total cost curves by work breakdown level and functional level and by standard 
action. 

Labor cost curves by work breakdown level and b c t i a n a l  level and by standard 
action 

Material  cost curves by work breakdown level and functional level and by 
standard action 

Total manpower curves by work breakdown level and functional level 

Categorized manpower curves by work breakdown levels and functional level 

Technical requirements/status at subtask, task and project levels, unresolved 
problem lists 

Detailed networks of special and tapical subtask activities. 
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Measurement Data 

1. Value curves by work breakdown level (work package, subtask, and task project) 
and by functional level (component, operation, section, and department) 

2. Planned time versus actual time by activity 

3. Planned cost versus actual cost by work package. 

SDecial Data 

1. Open action items lists 

2. Superseded revisions of all schedule, cost, and manpower plans 

3. Work breakdown structure by customer, contractor, and subcontractors 

4. Organization interface 

5.  Overtime control. 
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